Abstract. Of the 1468 patients with traumatic spinal cord injury who were admitted to the Texas Institute for Rehabilitation and Research (TIRR) between 19 5 9 and 1977, 67 patients were complete tetraplegics with motor levels of C4 and above. The age, sex, motor level, aetiology of injury, and initial and final vital capacity of these patients are analysed. A substantial gain in vital capacity was attained in all C4 motor tetra plegics regardless of their initial vital capacity. Twenty patients with motor levels of C3 and above have been admitted to TIRR since 1963. Five of these 20 C3 and above tetraplegics have had bilateral phrenic stimulators implanted. The mortality rates and causes of death in these groups of patients are presented. Survival curves are presented on 615 traumatic spinal cord injured patients as compared to a standard matched group. Survival curves are also presented for the two groups of high tetraplegics who were admitted to TIRR from 1963 through 1969 and from 1970 through 1977.
Introduction
A REVIEW of 1468 patients with traumatic spinal cord injury who were admitted to the Texas Institute for Rehabilitation and Research (TIRR) since its inception in 1959 reveals that 4 per cent were admitted with a functioning motor level of C3 and above. These patients were apneic on admission. An additional 119 patients or 7 per cent were admitted with a functional level of C4. Through a review of the medical records of this group of patients, a list was compiled of the patients who were C4 motor complete and higher. All of these patients showed no greater change than two neurologic levels from admission to discharge; no cases of incom plete motor involvement or cases of central cord syndromes were included. No patients were included who were found to have a motor level lower than C4 at any time. Thus, the final list includes 67 patients who were admitted to TIRR at a complete C4 and above motor level.
Patients
The Texas Institute for Rehabilitation and Research in Houston, Texas, was established in 1959 and was an outgrowth of the Southwestern Poliomyelitis Respiratory Center. TIRR is a private, non-tax supported, 8o-bed, specialised hospital which has received patients from 16 states and 18 foreign countries. TIRR does not receive all patients with spinal cord injury from any given area. The Regional Spinal Cord Injury Center at TIRR comprises two-thirds of the average inpatient census. We feel that our experience at TIRR with a large number of cases of spinal cord injury (1468 patients) over the past 18 years accurately reflects the various aetiologies and statistics which are involved in traumatic spinal cord injured patients.
Demographical Analysis
The 67 tetraplegic patients in this study include 59 males and eight females who have an age range of 4 to 70 years with an average age of 22'7 years at onset (Table I) . Twenty patients have a motor level of C3 and above, and 45 patients have a motor level of C4. Respiratory information is insufficient on two of the C4 patients for them to be included in most of our analysis, but these two patients are included in the calculation of our mortality rates. Patients with C4 motor levels are further subdivided into a group of patients who were admitted to TIRR with an initial vital capacity below 1000 cc (26 patients) and a group of patients who were admitted with an initial vital capacity above 1000 cc (19 patients). A study of the aetiologies of these 67 spinal cord injuries reveals that 21 patients were injured in automobile accidents, 12 in football accidents, 12 by diving, nine by falls, five were hit by falling objects, four by gunshot wounds, two by other types of sports accidents, and two by miscellaneous causes. These aetiologies of injuries differ from that of our total spinal cord injury population in that in the latter group the patients who were injured by falls or hit by falling objects rank second in number to those injured by automobile accidents. These aetiologies are followed in order by gunshot wounds, diving accidents, and football and other sports accidents_
C3 and Above Tetraplegics
The 20 patients in this group of C3 and above tetraplegics were apneic on admission to TIRR. Their average age at onset of injury was 17-3 years with an age range of 4 to 33 years. All of these patients required tracheostomies, and the initial vital capacity was zero or less than 100 cc. Six of these 20 patients had a drop in the motor level to the point that they regained some spontaneous respira tion. The maximum vital capacity of these six patients averaged 1180 cc and ranged from 800 cc to 2000 cc. This group includes a total of 26 patients, the majority of whom were admitted to TIRR within the first 3 weeks post-injury. Their average vital capacity on admission was 670 cc. The average maximum vital capacity attained was 1837 cc which represents an average gain of 1167 cc per patient. The average interval from initial to maximum vital capacity was 75'5 days. These patients who receive adequate pulmonary and rehabilitation therapy early after injury can usually attain a vital capacity which is capable of supporting their breathing without mechanical assistance. Even patients who are admitted to a rehabilitation centre several months post-onset may be capable of significant improvement in their vital capacity. One patient in this group of C4 tetraplegics was admitted 4 months post-injury with an initial vital capacity of 750 cc; he was able to attain a maximum vital capacity of over 2100 cc in a 46-day period. Sixteen of these 26 patients, or 61'5 per cent, required tracheostomies. The duration between performance and removal of the tracheostomies averaged 163-8 days.
C4 Tetraplegics-Initial Vital Capacity above IOOO cc
This group of C4 tetraplegics who were admitted to TIRR with an initial vital capacity above 1000 cc is composed of 19 patients, most of whom were admitted to TIRR within 60 days of their injury. The initial vital capacity was 1550 cc with an average maximum vital capacity of 2672 cc after appropriate therapy. This reflects an average gain in vital capacity of II22 cc which was attained in an average time interval of 57 days. Two patients who were admitted to TIRR, one 6 months and one 8 months post-injury, had vital capacities of 1700 cc and 1200 cc, respectively. Even at these late admission dates, the vital capacities were increased to a maximum of 2600 cc and 2750 cc over the same average time interval of 2 months. Eight patients in this group of C4 tetraplegics had tracheostomies (42 per cent). The tracheostomies remained open an average of 46 days prior to their being removed.
All of the C4 tetraplegics, those patients who were admitted with this motor level with an average vital capacity below and above 1000 cc, totalled 45. Their average initial vital capacity was 1041 cc with a maximum vital capacity averaging 2190 cc which was attained in an average interval of 68 days. The average gain in vital capacity per patient was 1149 cc. In this overall group, 24 patients or 53 per cent had tracheostomies which remained open an average of 125 days.
Discharge Status
The discharge status following the first comprehensive rehabilitation admission reveals that of the 20 patients with injury C3 and above, six patients died, 12 patients were discharged with mechanical ventilation including five patients with phrenic stimulators, and two patients required no ventilatory equipment (Table II) . The six patients (33 per cent) died in an average of 3 months post-injury while in TIRR. One of the two patients who was discharged without requiring mechanical respiratory support had a unilateral phrenic stimulator implanted prior to admis sion to TIRR which was unnecessary for his ventilation. Five patients had bi lateral phrenic stimulators implanted, and at the time of discharge, these patients were on a progressive program of increasing phrenic stimulation and diminishing the other mechanical ventilation necessary.
Of the group of 28 patients with C4 tetraplegia who were admitted with an initial vital capacity of less than 1000 cc, two patients died, three were discharged with respiratory equipment, and 23 required no respiratory equipment. In the group of 19 C4 tetraplegics who were admitted to TIRR with an initial vital capa city greater than 1000 cc, one patient died, none of the patients required EPR or respiratory equipment, and 18 were discharged without any respiratory or ventila tory equipment necessary. In summary, the discharge status of the 67 patients reveals that nine patients died, 15 (including five EPR) required respiratory equipment, and 43 required no respiratory equipment whatsoever.
Mortality Rates
The three groups of patients discussed are each divided into two equal 7-year periods for comparison (Table III) . The first 7-year period is 1963 through 1969, and the second period is 1970 through 1977. The first C4 and above patient who qualified for this study was admitted to TIRR in 1963. In the C3 and above tetraplegics, one patient is living, and three are dead from the first period. Eight are living, and eight are dead from the period 1970 through 1977. In the C4 tetra plegics who were admitted to TIRR with an initial vital capacity below 1000 cc, five patients are living, and three are dead from the first period, and 17 are living and three dead from the second time period. In the C4 tetraplegics who were One half of these deaths occurred in the hospital, and the remainder of these patients died after being discharged from the rehabilitation programm e. Five patients in this study were lost to follow-up, and if one assumes that these patients have died, then the mortality rate for the total number of 67 patients would be adjusted to 34 per cent.
Causes of Death
The major cause of death of these tetraplegic patients involves the cardio respiratory system (six patients) with pneumonia, atelectasis, and hypoxia being major factors. Tracheal haemorrhage was the major terminating event in three patients. Two patients died a renal death, two of pulmonary embolus, one of meningitis due to an infected stab wound of the neck, and two died with intestinal obstruction and perforation with peritonitis. The causes of death in two patients are unknown. The duration of onset of injury to death of the nine patients who died in TIRR averaged 3 months; of the nine patients who died after discharge from the hospital, the average duration was 16 months. 
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Years since admission
The survival curve of 615 spinal cord patients injured who were admitted to TIRR between 1966 and 1975 when compared to a standard matched group for age and sex reveals a very rapid drop from the norm within the first 3 years (Rossi, 1977) (Table IV 
Years since admission spinal cord injuries C4 and above, the initial group of 16 patients who were admitted in 1963 through 1969 and the 51 patients who were admitted between 1970 through 1977, only 60 per cent survived the first year in the initial group while in the latter group, 85 per cent survived the first year (Table V) . By the third year after admis sion, in the initial group, 55 per cent survived, and the curve then plateaus. In the group seen in 1970 through 1977, 80 per cent of the patients were surviving at the end of 3 years post-onset, and then this curve plateaus.
Conclusion
This is a study of 67 complete tetraplegic patients with motor levels of C4 and above from a patient population of 1468 patients with traumatic spinal cord injuries who were admitted to TIRR between 1959 and 1977. Mortality rates are compared in two successive 7-year periods according to the level of lesion. The mortality rate in the C3 and above tetraplegics has improved to approximately 50 per cent. The advent of electrophrenic respiration gives additional hope to those apnoic patients who are highly motivated and who have a good family support system. Improved respiratory equipment and increased experience in respiratory support has enabled us to keep patients alive until spontaneous respirations return. This occurred in six of our 20 apnoic patients. Documented improvement in vital capacity was obtained in all C4 tetraplegics where vital capacity was initially above or below 1000 cc. The average gain in each group was over IIOO cc, and this type of improvement was able to be attained in several patients with late admission dates post-onset. Approximately half of this group had tracheostomies which were maintained on an average of 4 months. Mortality curves in two 7-year periods are parallel, but in the latter time period, the survival times are 25 per cent higher at the end of 1 year and 3 years.
Cardio-pulmonary deaths rank highest among the causes of death in patients with high spinal cord injuries. Improvement in respiratory machinery, techniques, and experience has allowed us to reduce the mortality rates considerably over the past 14 years. Improvement in the vital capacity can occur in all tetraplegics with diaphragmatic intervention to a point where home respiratory equipment for maintenance of respiration is rarely required. 
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